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PISTON ACCUMULATOR towards the gas side of the accumulator housing . The barrier 
is permeable to liquid . This prevents the float ball from 

FIELD OF THE INVENTION floating out of the guide . 
The float may be a float ball or a float plate . When moved 

The invention relates to a piston accumulator , having an 5 in the direction of the non - return valve , the float is supported 
accumulator housing and a separating piston guided for by a further barrier having fluid passages and closes these 
longitudinal motion therein . The separating piston separates 
a liquid side from a gas side in the accumulator housing . In a modified embodiment , the return device has a control 
Liquid unintentionally transitions from the liquid side to the piston , which is movably guided in the separating piston . 
gas side despite a piston seal on the separating piston . 10 The control piston has an inner chamber , which can be filled 

with transitioned liquid and which can be moved into an 
BACKGROUND OF THE INVENTION open position by the action of an energy storage device . In 

the open position , the chamber is connected to the liquid side 
via a non - return valve , which blocks in the direction of the Piston accumulators of this type are state of the art and are side . frequently used as hydropneumatic pressure accumulators in 

hydraulic circuits , for instance in hydraulic brake systems , To ensure a pressure - tight closure of the gas side towards 
the liquid side when there is a high excess pressure on the hydraulic steering systems , suspension systems or the like , gas side , for instance when the liquid side is unpressurized , for instance to smooth pressure fluctuations . In this respect , the arrangement in the above - mentioned embodiment is 

DE 10 2014 010 006 A1 shows a piston accumulator of the 20 such that the control piston , by running against the end cover 
genus mentioned above used as a pulsation damper by way against the action of the energy storage device , can be of example . moved out of the open position into a position , in which a 
A basic requirement for use in these areas is a long , closing element located on the control piston blocks the 

trouble - free operating life . However , in practice this goal is connection between the filling chamber and the liquid side . 
encountered by the unintentional transition of hydraulic fluid 25 In another advantageous embodiment , the return device 
into the gas side , which cannot be completely prevented . has an actuating piston , which , against the action of an 
This transition results in the pressure / volume characteristic assigned energy storage device , upon pressurization , actu 
curve , required for the efficient action of the piston accu- ates at least one non - return valve guided in the separating 
mulator , deteriorating because of the transitioned fluid . A piston . 
proper functioning is then limited in time . Advantageously , the arrangement is such that the non 

return valve in the separating piston has a spring - loaded 
SUMMARY OF THE INVENTION control pin . That control pin can be actuated on by the 

pressurized actuating piston when the separating piston 
With regard to this problem , the invention addresses the approaches the end cover of the accumulator housing . 

object of providing a piston accumulator that ensures a long , 35 The volume of liquid accumulated on the gas side of the 
trouble - free operating life . accumulator housing can be detected by a sensor . Starting 

According to the invention , this object is solved by a from a predeterminable limit volume of liquid , the sensor 
piston accumulator having , as an essential feature of the actuates a control valve in such a way that it releases the 
invention , a return device . By the return device , the transi- pressurization for the actuating piston of the return device 
tioned liquid is at least partially returned from the gas side 40 such that the return occurs via the opened non - return valve . 
of the accumulator housing to the liquid side of the accu- Other objects , advantages and salient features of the 
mulator housing . As a result of that return of transitioned present invention will become apparent from the following 
liquid , an at least significant change in the free gas volume detailed description , which , taken in conjunction with the 
of the gas side is prevented during operation , and the drawings , discloses preferred embodiments of the present 
optimum course of the pressure / volume characteristic curve 45 invention . 
is maintained . A trouble - free operation of the piston accu 
mulator according to the invention is then ensured over long BRIEF DESCRIPTION OF THE DRAWINGS 
periods of time . 

In advantageous embodiments , the return device has a Referring to the drawings that form a part of this disclo 
float , which is guided longitudinally in a guide of the 50 sure : 
separating piston . Upon floating upwards under the influ- FIGS . 1 and 2 are side views in section of a separating 
ence of the liquid on the gas side of the accumulator housing , piston of a piston accumulator according to a first exemplary 
the float releases a path to a non - return valve . When in the embodiment invention , wherein a first operating state and a 
opened state , the non - return valve releases a connection second operating state of the return device , respectively , are 
between this guide and the liquid side in the accumulator 55 shown ; 
housing . If the non - return valve is adjusted in such a way FIGS . 3 and 4 are side views in section of a separating 
that it opens at a pressure on the gas side that exceeds the piston of a piston accumulator according to a second exem 
pressure on the liquid side by a preferably small differential plary embodiment of the invention , wherein the first oper 
pressure Ap , in automatic operation a return process occurs ating state and the second operating state of the return 
as soon as there is no pressure equilibrium between the gas 60 device , respectively , are shown ; 
side and the liquid side , as when the separating piston has FIGS . 5 and 6 are side views in section of a separating 
run against a closing cover of the accumulator housing . The piston of a piston accumulator according to a third exem 
float ball then is floated upwards due to hydraulic fluid on plary embodiment of the invention , wherein the first oper 
the gas side , and thus , releases the path to the non - return ating state and the second operating state of the return 
valve . 65 device , respectively , are shown ; and 

Advantageously , the arrangement in this case is such that FIGS . 7 and 8 are partial side views in section of a piston 
the guide for the float is closed by a barrier for the float accumulator adjacent to the liquid side according to a fourth 
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exemplary embodiment of the invention , wherein the first The second embodiment shown in FIGS . 3 and 4 matches 
operating state and the second operating state of the return the first embodiment , apart from the fact that instead of the 
device are shown , respectively . float ball 24 in the guide 22 , a rubber mat 44 is provided as 

a float body . The rubber mat 44 , as shown in FIG . 4 , floats 
DETAILED DESCRIPTION OF THE 5 in the presence of a liquid . The rubber mat 44 , in the absence 

INVENTION of liquid , does not directly abut the seal seat 32 formed at the 
narrowing of the intermediate section 30 of the passage 14 , 

Of the embodiments , shown in the drawings , of the piston but abuts a plate 46 of plastic or steel forming a counter 
accumulator according to the invention , only FIGS . 7 and 8 surface or a sealing surface . The plate 46 has passages 48 for 
show an end region of the accumulator housing 2. An end 10 liquid . In the absence of a liquid , the rubber mat 44 forming 
cover 6 forms the housing closure on the fluid side 4 located a float body seals the passages 48 by abutting the plate 46 , 
at that end region . A separating piston 8 is freely displace- so that the mode of operation of the second embodiment 
ably guided in the accumulator housing 2 , separates the fluid corresponds to that of the first embodiment . 
side 4 from a gas side 10 and is shown in an end position In the third embodiment shown in FIGS . 5 and 6 , the 
contacting the cover 6. In each of the remaining FIGS . 1 to 15 return device has a control piston 50 guided in the separating 
6 , the separating piston 8 is shown separately without any piston 8 for movement in the axial direction . The control 
assigned housing parts . piston 50 is preloaded by a compression spring 52 in an 
FIGS . 1 and 2 show a first exemplary embodiment , in extended end position in the direction of the liquid side 4. To 

which the separating piston 8 has a passage 14 that is coaxial limit the extension motion in the end position shown in FIG . 
to the cylinder axis 12. The return device is located in the 20 5 , an annular blocking body 56 is attached to the piston 
passage 14. As usual for piston accumulators , the separating rod - shaped end part 54 of the control piston 50. The end part 
piston 8 is bowl - shaped to increase the volume of the gas 54 extends through a passage 58 into the inner cavity 16 of 
side 10. The inner cavity 16 of the bowl extends from the the separating piston 8. The blocking body 56 , as a stop , is 
piston base 18 , shown at the bottom in the drawing , with its supported on the bottom 60 of the cavity 16. There is a filling 
open end to the piston end at the gas side 10. The passage 25 chamber 62 coaxial with axis 12 in the control piston 50. The 
14 for the return device is located in a tubular body 20 filling chamber 62 can be filled with transitioned liquid from 
extending from the piston base 18 to the gas - side piston end the cavity 16 via the passage 58 and transverse bores 64 of 
and is coaxial with the axis 12. The passage 14 is formed by the piston 50. In the control piston 50 are transverse chan 
a drilled hole . The inside diameter of passage 14 is stepped , nels 66 extending between the outside of the piston and the 
having a first section starting from the gas - side piston end 30 end area 68 , facing the liquid side 4 , of the filling chamber 
and forming a guide 22 for a float ball 24 , and having a 62. As in the first two embodiments , the standard non - return 
second section starting at the end at the piston base 18 and valve 28 , which blocks in the direction of the gas side 10 , is 
having the same diameter as the guide 22. The second provided as a blocking element that can be opened by 
section forms a valve housing 26 for a standard non - return differential pressure . The blocking element normally blocks 
valve 28. Between the guide 22 and the valve housing 26 , 35 the connection between the transverse channels 66 leading 
there is an intermediate section 30 having a reduced internal to the outside of the piston and the part , facing the gas side 
diameter . The intermediate section 30 forms , at the side 10 , of the filling chamber 62. FIG . 5 shows the position of 
facing the guide 22 , a seal seat 32 for interaction with the the control piston 50 shifted by the action of the compression 
float ball 24. At the end facing the valve housing 26 , a seal spring 52. That position matches the open position , in which 
seat 34 is formed for the spring - loaded closing element 36 40 the transverse channels 66 are open towards the liquid side 
of the non - return valve 28. The valve housing 36 is guided 4. To initiate a return process , the liquid pressure on the 
on a holder 38 , which leaves free a passage 40 in the valve liquid side 4 is reduced in relation to the gas pressure on the 
housing 36 , through which return fluid can pass when the gas side 10 to such an extent that the separating piston 8 
non - return valve 28 is open . moves into a position , in which the control piston 50 runs up 
FIG . 1 shows the operating state without transitioned 45 against and contacts the end cover 6. The control piston 50 

liquid accumulated in the cavity 16 of the separating piston is then slightly slid in from the fully extended position of 
8. The float ball 24 is not floating , but rests on the seal seat FIG . 5 against the action of the compression spring 52 . 
32 at the intermediate section 30. To ensure that the float ball Because of the pressure difference between the gas side 10 
24 floats when liquid , such as hydraulic oil , has transitioned and the liquid side 4 resulting from the support of the 
into the gas side 10 , the float ball 24 may be made of 50 compression spring 52 , the non - return valve 28 , which is set 
titanium or plastic , for instance by 3D printing and is to a low closing pressure , opens , starting the return process 
designed as a hollow ball . FIG . 2 shows a position of the and liquid from the cavity 16 flows back to the liquid side 
floated float ball 24 , which is lifted off its seal seat 32. If 4 via the passage 58 , the filling chamber 62 and the 
there is a pressure difference Ap between the gas side 10 and transverse channels 66. In the unpressurized state of the 
the liquid side 4 on the outside of the piston base 28 , the 55 liquid side 4 , when the separating piston 8 rests against the 
valve housing 36 of the non - return valve 28 is pressurized , end cover 6 under the total gas pressure of the gas side 10 
opening the non - return valve 28. Non - return valve 26 is and the control piston 50 is fully retracted , as shown in FIG . 
preferably set to a low opening pressure , letting the liquid 6 , a sealing ring 72 of a closing element 70 , projecting in a 
from the gas side 10 flow back to the liquid side 4 via the flange - shaped manner from the control piston 50 , abuts in a 
guide 22. To prevent the float ball 24 from floating out of the 60 sealing manner at the separating piston 8. In this way in the 
guide 22 , a plastic plate 42 having liquid passages is glued event of an unpressurized liquid side 4 a loss of gas from the 
or screwed or otherwise connected to the end of the tubular gas side 10 is prevented . As FIGS . 5 and 6 show , the guide 
body 20. To initiate a return process and to create excess of the control piston 50 has an extension 74 , so that the inlets 
pressure on the gas side to open the non - return valve , the of the transverse channels 66 are free even when the control 
pressure on the liquid side 4 is reduced , resulting in the 65 piston 50 is pushed - in . The connection between the gas side 
separating piston 8 running against the housing end cover 6 10 and the liquid side 4 is therefore only disrupted when the 
( only shown in FIGS . 7 and 8 ) . closing element 70 comes into sealing contact with the 
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separating piston 8 when the control piston 50 is fully each is shown . However , more than one non - return valve 92 
retracted . FIGS . 7 and 8 , in which a fourth embodiment of can be provided in an assigned channel 90 in the separating 
the invention is shown , show a lower section of the accu- piston 8 . 
mulator housing 2 of the piston accumulator having an While various embodiment have been chosen to illustrate 
attached end cover 6 , which forms the closure of the liquid 5 the invention , it will be understood by those skilled in the art 
side 4. These parts have been omitted in FIGS . 1 to 6 , which that various changes and modifications can be made therein 
only show the separating piston 8. In the embodiment of without departing from the scope of the invention as defined 

in the claims . FIGS . 7 and 8 , the return device has an actuating piston 78 The invention claimed is : formed as an annular body . The actuating piston 78 can be 1. A piston accumulator , comprising : moved axially in an annular chamber 80 of the end cover 6 , an accumulator housing having a gas side and a liquid side which forms a pressure chamber 82 adjoining the inner in the accumulator housing ; piston surface . In the annular chamber 80 , the actuating a separating piston being guided for longitudinal motion 
piston 78 can be extended out of the end cover 6 into an end in the accumulator housing and separating the liquid position by pressurizing the pressure chamber 82. That end side from the gas side , the separating piston being position is limited by a stop 84. Compression springs 88 bowl - shaped with an inner cavity opening in direct 
support or bias the actuating piston 78 against the extending fluid communication to the gas side such that the inner 
motion . Compression springs 88 are located in an annular cavity increases a volume of the gas side and with a 
recess 86 in the facing side of the annular piston 8. As shown piston base at the liquid side ; 
in FIGS . 7 and 8 , at least one connecting channel 90 is a return device in the piston base capable of at least 
formed in the separating piston 8. The respective connecting partially returning transitioned liquid transitioned from 
channel 90 leads from the piston cavity 16 into the recess 86 . the liquid side to the gas side despite a piston seal on 
In the connecting channel 90 , a spring preloaded non - return the separating piston back to the liquid side . 
valve 92 is arranged . Its closing element 94 is attached to the 2. A piston accumulator according to claim 1 wherein 
end of a control pin 96 , which extends into the recess 86 and , 25 the return device comprises a float located in and guided 
in that way , passes through the compression spring 88 for longitudinal movement in a guide of the separating 
located in this recess 86. In the state of FIG . 7 , in which the piston , the float being capable of floating upwardly 
return state is shown , the control pin 96 is supported by the under an influence of the transitioned liquid in the gas 
actuating piston 78 , because the actuating piston 78 is side of the accumulator housing for opening a fluid 
extended by pressurizing the pressure chamber 82 against flow path from the gas side to a non - return valve that 
the action of the compression springs 88 until it comes to is openable to open a fluid communication between the 

guide and the liquid side when the non - return valve is rest against the stop 84. As a result , the control pin 96 is opened . displaced against the action of the closing spring of the 3. A piston accumulator according to claim 2 wherein non - return valve 92 , opening the valve 92. In contrast , FIG . the guide comprises a first barrier closing the guide 8 shows the operating state , in which the pressure chamber towards the gas side of the accumulator housing , being 82 is relieved , resulting in the actuating piston 78 being permeable to liquid and preventing escape of the float 
retracted into the end cover 6 by the compression springs 88 , from the guide . 
the control pin 96 then being no longer supported and 4. A piston accumulator according to claim 2 wherein 
therefore the non - return valve 92 being closed . the float comprises a float ball supported by a second 

To determine the level N of liquid transitioned to the gas barrier in the guide when the float ball engages the 
side 10 , an ultrasonic sensor 76 is provided on the accumu- second barrier , the second barrier having a fluid pas 
lator housing 2. Sensor 76 signals the liquid level via a UP sage closed by the float ball when the float ball is 
switch to an electronic control 98 , which controls a control moved in a direction of the non - return valve and 
valve 100. At a level N of accumulated liquid at the engages the second barrier . 
as illustrated in FIG . 7 , the sensor 76 generates a signal for 5. A piston accumulator according to claim 2 wherein 
the electronic control 98 that a return process must be the float comprises a float plate supported by a second 
initiated . To do so , the control valve 100 opens , so that the barrier in the guide when the float plate engages the 
pressure chamber 82 is supplied with the pressure of the second barrier , the second barrier having fluid passages 
liquid side 4. The actuating piston 78 is then pressurized and 50 closed by the float plate when the float plate is moved 
extends into the position shown in FIG . 7. Then , the control in a direction of the non - return valve and engages the 
valve 100 is closed , so that the actuating piston 78 remains second barrier . 
pressurized . By reducing the pressure of the liquid side 4 , 6. A piston accumulator according to claim 1 wherein 
which results in the separating piston 8 running up against the return device comprises a control piston movably 
the end cover 6 , the control pin 96 of the non - return valve 55 guided in the separating piston , the control piston 
92 is supported by the actuating piston 78 , thereby moving having an inner chamber Tillable with the transitioned 
the non - return valve 92 into the open position , so that the liquid and movable into an open position by the action 
liquid flows back to the liquid side 4 via the channel 90 and of an energy storage device , in the open position the 
the recess 86. As soon as the sensor 76 no longer signals the inner chamber is connected in fluid communication to 
presence of liquid , the control valve 100 is opened again , so 60 the liquid side via a non - return valve blocking fluid 
that the pressure chamber 82 is depressurized , the actuating flow in a direction of the gas side . 
piston 78 retracts again because of the action of the com- 7. A piston accumulator according to claim 6 wherein 
pression springs 88 , the control pin 96 is relieved as a result the control piston is movable into a position in which a 
and the non - return valve 92 closes again . Once this return closing element located on the control piston blocks 
process is completed , the piston accumulator can be oper- 65 fluid communication between the inner chamber and 
ated again for a subsequent operating cycle . In FIGS . 7 and the liquid side upon the control piston contacting an 
8 only one channel 90 each having one non - return valve 92 end cover of the accumulator housing . 
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8. A piston accumulator according to claim 1 wherein guided for longitudinal movement in a guide of the 
the return device comprises an actuating piston actuating separating piston , the float being capable of floating 

a non - return valve guided for movement in the sepa- upwardly under an influence of the transitioned liquid 
rating piston upon pressurization against biasing of an in the gas side of the accumulator housing for opening 
energy storage device . a fluid flow path from the gas side to a non - return valve 

9. A piston accumulator according to claim 8 wherein that is openable to open a fluid communication between the non - return valve in the separating piston comprises a the guide and the liquid side when the non - return valve spring - loaded control pin actutable by the actuating is opened . piston being pressurized when the separating piston 12. A piston accumulator according to claim 11 wherein approaches an end cover of the accumulator housing . 10 the guide comprises a first barrier closing the guide 10. A piston accumulator according to claim 8 wherein towards the gas side of the accumulator housing , being a sensor coupled to the accumulator housing is capable of 
determining a volume of the transitioned liquid on the permeable to liquid and preventing escape of the float 

from the guide . gas side of the accumulator housing , the sensor being 
capable of actuating a control valve releasing the 15 13. A piston accumulator according to claim 11 wherein 
pressurization of the actuating piston upon the sensor the float comprises a float ball supported by a second 

barrier in the guide when the float ball engages the sensing a predetermined limit volume of the transi 
tioned liquid in the gas side . second barrier , the second barrier having a fluid pas 

11. A piston accumulator , comprising : sage closed by the float ball when the float ball is 
moved in a direction of the non - return valve and an accumulator housing having a gas side and a liquid side 20 

in the accumulator housing ; engages the second barrier . 
a separating piston being guided for longitudinal motion 14. A piston accumulator according to claim 11 wherein 

in the accumulator housing and separating the liquid the float comprises a float plate supported by a second 
side from the gas side ; and barrier in the guide when the float plate engages the 

second barrier , the second barrier having fluid passages a return device in the separating piston being capable of 25 
at least partially returning transitioned liquid transi closed by the float plate when the float plate is moved 

in a direction of the non - return valve and engages the tioned from the liquid side to the gas side despite a second barrier . piston seal on the separating piston back to the liquid 
side , the return device including a float located in and 


